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Abstract 

Introduction: Leg length discrepancy (LLD) causes pelvic obliquity in the frontal 
plane and lumbar scoliosis with convexity towards the shorter extremity. Leg 
length discrepancy is observed in 3-15% of the population. Unequalized lower 
limb length discrepancy leads to posture deformation, gait asymmetry, low back 
pain and discopathy. 

Material and methods: In the years 1998-2006, 369 children, aged 5 to 17 years 
(209 girls, 160 boys) with LLD-related functional scoliosis were treated. An 
external or internal shoe lift was applied. 

Results: Among 369 children the discrepancy of 0.5 cm was observed in 27, 1 cm 
in 329, 1.5 cm in 9 and 2 cm in 4 children. During the first follow-up examination, 
within 2 weeks, the adjustment of the spine to new static conditions was noted 
and correction of the curve in 316 examined children (83.7%). In 53 children (14.7%) 
the correction was observed later and was accompanied by slight low back pain. 
The time needed for real equalization of limbs was 3 to 24 months. The time needed 
for real equalization of the discrepancy was 11.3 months. 

Conclusions: Leg length discrepancy equalization results in elimination of 
scoliosis. Leg length discrepancy < 2 cm is a static disorder; that is why 
measurements should be performed in a standing position using blocks of adequate 
thickness and the position of the posterior superior iliac spine should be estimated. 

Keywords: leg length discrepancy, functional scoliosis, low back pain. 



Introduction 

Limb length discrepancy (LLD) causes pelvic obliquity in the frontal plane 
[1-9]. Quite rigid junction of L 5 vertebra with sacral bone results in lumbar 
scoliosis with convexity directed towards the short extremity (Figure 1). 
Later, unequalized length discrepancy of lower limbs leads to posture 
deformation, gait asymmetry, low back pain, discopathy as well as 
gonarthrosis, coxarthrosis and hip flexion contracture on the side of the 
longer extremity or ankle joint contracture in the equinal position on the 
side of the shorter extremity [3-5]. In sporadic cases LLD can be secondary 
in relation to scoliosis, particularly in the case of compensatory scoliosis. 
In these cases LLD appears as the result of asymmetrical load of lower 
extremities [8, 9]. 

The aim of the study was to assess the possibility of correction of spine 
functional curvature and potential real equalization of LLD. 

Limb length discrepancy is usually not large (about 1 cm) and is 
observed in about 3-15% of the population. The reasons for the occurrence 
of such a difference are not known in 95% of cases [1, 4, 10]. Two basic 
groups should be distinguished from among the known reasons: the 
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Figure 1. An 11-year old girl with lumbar scoliosis 
caused by LLD 



Bias 4ls 
Figure 2. Equalization of curvature with a shoe lift 



processes directly causing the change of leg length 
and the processes causing asymmetrical growth [1, 
4, 10, 11]. The first group includes lower limb 
diaphysis fracture with incomplete union or growth 
disorders and congenital or acquired bone 
deformations and hip joint deformations, including 
iatrogenic, e.g. after hip joint alloplasty [12]. Group 
two comprises inhibition or stimulation of limb 
growth on one side. The inhibition of limb growth 
may result from an injury to the epiphysis, or may 
be related to paralysis, inflammation, ischaemia, 
tumours, necrosis or congenital deformation of 
extremities [13-17]. Stimulation of limb growth can 
also occur in the course of some tumours 
(haemangiomatosis, neurofibromatosis, fibrous 
dysplasia) as well as in the course of inflammatory 
processes and healing of fractures which cause 
increased blood flow to bone. Table I presents the 
classification of aetiology of LLD [15-17]. 

Scoliosis which develops due to leg length 
discrepancy is included within functional scolioses. 
This type of scoliosis regresses totally or partially 
when its cause, that is LLD, is removed (Figure 2). 

Limb length equalization is not an easy task. It 
requires careful thinking and planning and an 



adequate strategy of management [4, 18-21]. The 
two most important factors that should be taken 
into account in planning are precisely measured 
length discrepancy and the patient's age. In many 
cases the causes of LLD development, progno- 
sticated progress of the discrepancy and the 
patient's general and mental condition are essential 
factors in the selection of treatment options [18-21]. 

Leg length discrepancies < 2 cm seldom cause 
a problem. Internal shoe lifts are added of 
a thickness corresponding with the discrepancy 
[1, 2, 4]. The most frequently used internal shoe lifts 
are of a thickness from 0.5-1.5 cm. For LLD of 
1.5-2 cm it is more comfortable for a patient to use 
an external heel lift. For discrepancies from 3 to 
20 cm surgical equalization is suggested. Leg length 
discrepancies of 3-5 cm is usually treated with 
shortening of the longer limb by growth arrest 
(epiphysiodesis), by real shortening of the bone or 
by corrective asymmetry. Leg length discrepancies 
in the range 6-15 cm requires lengthening of the 
shorter limb with external fixators. The treatment 
of LLD > 15 cm demands combined treatment by 
lengthening the shorter and shortening the longer 
limb. Surgical treatment of LLD > 20 cm does not 



Table 1. The causes of development of LLD 


Causes of direct change of leg length 


Causes of asymmetrical growth of extremities 


A. Traumas: fractures, amputations 

B. Growth disorders 

C. Congenital or acquired deformations 
of bones and joints 


A. Inhibition of growth: congenital, injury to physis, paralysis, 

bone inflammatory process, tumours (destroying growth cartilage 
or application of radiation in the course of treatment), ischaemia 

B. Stimulation of growth: tumours, inflammatory processes 
and fractures (in the process of healing), increased blood flow 

C. Unknown 
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Table II. Treatment options for LLD depending on the discrepancy level (acc. to Dahl, 1996 - modified) 





0 cm 2 cm 


3 cm 5 cm 






Non-surgical treatment 




Surgical treatment 


Application of prosthesis 


Internal lift 
external lift 


Shortening of 
longer limb: 

- epiphysiodesis 

- osteotomy 


Lengthening of 
shorter limb 


Combined 
lengthening of 
shorter and 
shortening of 
longer limb 



give much chance for limb length equalization. In 
these cases external prostheses are used. In the 
case when not total equalization is obtained after 
surgery the discrepancy should be equalized with 
an internal or external heel lift [12, 20-22]. The 
methods of management depending on LLD 
magnitude are presented in Table II. 

The patient's age is the second most important 
factor taken into account in selecting the treatment 
options. In children and adolescents who have 
not stopped growing there is a possibility to use 
compensatory and developmental mechanisms 
of the organism. The applied non-surgical 
(internal/external shoe lift) or surgical methods 
(epiphysiodesis) are based on possible stimulation 
or inhibition of limb growth. In subjects who have 
completed growth non-surgical treatment can be 
applied in the form of external equalization of the 
asymmetry. However, permanent correction, not 
always total, can be obtained in such cases only 
owing to surgical treatment through lengthening 
or shortening [1, 18, 19, 23-25]. 



the discrepancy with blocks of thickness from 
0.5 cm to 2 cm. Equal position of posterior superior 
iliac spines decided on the final selection of the lift 
thickness. The position of anterior superior iliac 
spines is not reliable due to asymmetric 
development of the iliac alae. The children had 
a follow-up examination 2 weeks after application 
of the shoe lift in which correction of the spine and 
occurrence of pain were assessed. Corrective 
(symmetrical, strengthening postural muscles) and 
autocorrective exercises, preceded by sollux lamp 
irradiation (IR 20 min), and sodium diclofenac were 
applied in those patients in whom the correction 
of the curve was observed to be incomplete. The 
next follow-up examinations were performed every 
3 months until equalization of the extremities or 
growth completion by the patient. The last follow- 
up examination was performed 3 months after limb 
equalization and removal of the shoe lift. 

Static load of extremities was measured in all 
children on an electronic balance specially 



Material and methods 

Retrospective observational study. In the years 
1998-2006, 369 children, aged from 5 to 17 years, 
with functional scoliosis caused by LLD were treated 
in the Centre of Rehabilitation for Children and 
Adolescents, Medical University of Lodz, Poland. 
The children were sent to our centre by primary 
care physicians and apart from slight LLD these 
children did not demonstrate any other disorders. 
Healed fractured diaphysis was found in 12 children. 
In 8 cases the fracture caused lengthening and in 
4 shortening of the fractured extremity. The leg 
length discrepancy was from 0.5 cm to 2 cm. Children 
with discrepancy > 2 cm were excluded from this 
study because they required different management, 
including surgery. Children in whom LLD resulted 
from neurological or muscular reasons were also 
excluded. Among the children treated in the centre, 
there were 209 girls and 160 boys, 57% and 43%, 
respectively. All children were treated with an 
internal shoe lift. Only in 4 cases were external heel 
lifts applied. The thickness of the internal shoe lift 
(or external heel lift) was selected by measuring 




- 



Figure 3. Electronic balance specially constructed for 
this research 
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Table III. Length discrepancy and number of children 



Length discrepancy 


Number of children 


% 


0.5 


27 


7.3 


1.0 


329 


89.1 


1.5 


9 


2.4 


2.0 


4 


1.2 



constructed for this purpose (Figure 3). The 
measurement was performed directly after LLD 
diagnostication and determination of its size -first 
without the shoe lift and then with it. During the 
first measurement and after LLD equalization the 
height was measured. 

Results 

Among 369 children the discrepancy of 0.5 cm 
was observed in 27 children, 1 cm in 329, 1.5 cm in 
9 and 2 cm in 4 children (Table III). 

On admission, age of the investigated children 
was in the range 5-17 years, mean 12.3, with 
standard deviation SD = 3.03 (Table IV). Among the 
treated children and adolescents the shortening 
concerned the left lower limb in 317 cases (86%), 
180 in girls and 137 in boys. Shorter right lower limb 
was observed in 29 girls and 23 boys, together in 
52 (14%). During the first follow-up examination, 
within 2 weeks, the adjustment of the spine to new 
static conditions was noted and correction of the 
curve in 316 examined children (83.7%). In 53 chil- 
dren (14.7%) the correction was observed later and 



14 




3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
Time [months] 

Figure 4. Percentage of children with equalized LLD 
depending on the time of shoe lift application 



was accompanied by slight low back pain. The time 
needed for leg length equalization was from 3 to 
24 months - mean 10.8, with standard deviation 
SD = 4.32. In 80% of cases the equalization 
occurred between 8 and 16 months of shoe lift 
application (Figure 4). 

Mean time needed for 1 cm equalization was 
about 11.3 months, SD = 5.0 (Table IV). In 16 children 
(4.2%) total leg length equalization was not 
obtained due to earlier growth completion. 

In 11 children (3%), a few years after the 
treatment termination, LLD occurred again and 
involved the same extremity. Repeated occurrence 
of LLD was observed in the period of growth 
stimulation in puberty. In 2 of these children no 
total equalization of LLD was reached again due to 
their completion of the growth process. 

The measurements of static load of lower 
extremities pointed to increased load of the longer 
limb from 5% to 28%, mean 12.5%, standard 
deviation SD = 6.1. The measurements performed 
directly after internal shoe lift application 
demonstrated increased load of the limb with a lift 
from 5% to 41%, mean 22%, SD = 8.7. 

The difference in growth in children before shoe 
lift application and after LLD equalization was from 
4 cm to 9 cm, mean 5.9 cm, SD = 1.2. 

Discussion 

Leg length discrepancy > 3 cm causes distinct 
gait and posture disorders - the bigger the 
difference the greater and more distinct are the 
disorders. The frequency of their occurrence is equal 
to the frequency of occurrence of their causes. 
However, a slight leg length discrepancy, of up to 
2 cm, is quite frequent. In screening examinations 
performed in the years 1992-2002 by the staff of 
the Centre of Rehabilitation for Children and 
Adolescents, LLD was found in about 10% of the 
population of children from primary schools. Strieker 
and Hunt reported the prevalence of LLD in adults 
at the level of about 15%. The reasons for its 
occurrence are unknown in about 95% [6, 15, 26]. 

Precise determination of LLD is an important 
problem. The widely used method of assessing the 
discrepancy is the measurement of the distance 
from the anterior superior iliac spine to the medial 
malleolus with a measuring tape. This is 
a comfortable and relatively simple way applied 



Table IV. Period of real equalization 





Mean 


Standard deviation 


Variance 


Variation coefficient 


Age 


12.35 


3.03 


9.20 


24.6 


Period of equalization in months 


10.81 


4.32 


18.68 


40.0 


1 cm of equalization in months 


11.26 


5.00 


25.00 


44.4 
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together with X-rays in planning the treatment of 
LLD > 2 cm. Leg lenght discrepancy < 2 cm is a static 
disorder; that is why measurements should be 
performed in a standing position using blocks of 
adequate thickness and the position of the posterior 
superior iliac spine should be estimated [27]. 

Small leg length discrepancy is not felt by a child 
or adult and it does not result in distinct, noticeable 
disorders in gait parameters or the observed 
changes are insignificant. Thus, it is often neglected 
by the examining person. However, even such 
a small discrepancy causes pelvic obliquity in the 
frontal plane, which in turn causes scoliosis in the 
lumbar region. These changes are the result of 
asymmetry of spine static and dynamic load as well 
as intervertebral disc dislocation [24, 26, 28, 29]. 
Kowalik-Nitera found LLD in 71% of patients treated 
surgically due to lumbar discal hernia [30]. This fact 
proves the importance of the problem. In current 
literature (the last ten years) there have not been 
any studies concerning small discrepancies. 

The carried out investigations demonstrate 
a significant increase in static load of the longer 
extremity on average by about 12.5%. The increased 
load of the shorter limb directly after application of 
an internal shoe lift is even more distinct, on 
average 22%. This phenomenon is associated with 
mechanisms compensating the posture including 
sense of equilibrium. The increase of load along the 
long axis causes stimulation of chondrocyte 
proliferation in the epiphyseal cartilage and 
stimulation of bone growth. On the other hand, the 
decrease of axial load inhibits bone growth [31-34]. 
The studies on athletes reported by Dahl, performed 
by Kawamura at the beginning of the 1980s, found 
LLD prevalence > 0.5 cm among 36% of the tested 
group (51 from among 141 sportsmen) [18]. In this 
group limb load asymmetry is distinct, particularly 
in technical competitions. Modulation of lower limb 
load enables equalization of lower limb discrepancy. 

In conclusion, LLD is a frequent phenomenon, 
observed in 3-15% of the population. In the majority 
of cases its cause is unknown and its size is small, 
within 2 cm. Even a slight LLD causes scoliosis in 
the lumbar region. Medical treatment requires 
application of external equalization in the form of 
an internal or external shoe lift throughout the 
period of about a year and regular follow-up 
examinations: the first after 2 weeks and then every 
3 months until equalization of the discrepancy or 
completion of growth. Leg length discrepancy 
observed after growth completion requires 
permanent external equalization. The time needed 
for the equalization of limb length discrepancy 
depends on the growth rate. To obtain LLD 
equalization of 1 cm the child's growth should 
increase about 5-6 cm. That is why LLD equalization 
was the fastest in the pubertal rapid growth. 



Leg length discrepancy equalization results in 
elimination of functional scoliosis of the spine. 
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